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The human T-lymphotropic virus type II (HTLV-II) is found in many New World Indian groups in North and South America
and may have entered the New World from Asia with the earliest migration of ancestral Amerindians over 15,000 years
ago. To characterize the phylogenetic relationships of HTLV-II strains infecting geographically diverse Indian populations,
we used polymerase chain reaction to amplify HTLV-II sequences from lymphocytes of seropositive Amerindians from Brazil
(Kraho, Kayapo, and Kaxuyana), Panama (Guaymi), and the United States (the Navajo and Pueblo tribes of the southwestern
states and the Seminoles of Florida). Sequence analysis of a 780-base pair fragment (located between the env gene and
the second exons of tax/rex) revealed that Amerindian viruses clustered in the same two genetic subtypes (IIa and IIb)
previously identified for viruses from intravenous drug users. Most infected North and Central American Indians had subtype
IIb, while HTLV-II infected members of three remote Amazonian tribes clustered as a distinct group within subtype IIa.
These findings suggest that the ancestral Amerindians migrating to the New World brought at least two genetic subtypes,
IIa and IIb. Because HTLV-II strains from Amazonian Indians form a distinct group within subtype HTLV-IIa, these Brazilian
tribes are unlikely to be the source of IIa viruses in North American drug users. Finally, the near identity of viral sequences
from geographically diverse populations indicate that HTLV-II is a very ancient virus of man. q 1996 Academic Press, Inc.

INTRODUCTION thousands of years led us to propose that HTLV-II was
probably brought to the New World when ancestral Amer-

The human T-lymphotropic viruses (HTLV) types I and
indians (‘‘Paleoindians’’) first crossed the Bering Strait at

II are retroviruses with a worldwide distribution. HTLV-I
least 15,000 years ago (Neel et al., 1994). Endemic HTLV-

appears to be endemic in many Old World indigenous
II infection apparently also occurs in isolated groups inpeoples as well as immigrants to the New World and
Africa (Goubau et al., 1992; Gessain et al., 1995), as wellpersons with contact to them (Poiesz et al., 1993). HTLV-
as in Mongolia (Hall et al., 1994b), the latter representingII has been most commonly found in North American and
a possible source of the HTLV-II found in today’s Amerin-European intravenous drug users (IVDUs) (Hall et al.,
dian populations (Neel et al., 1994).1994a). However, several recent reports have docu-

In our previous studies of HTLV-II in Amerindians (Ma-mented HTLV-II among New World Indians (summarized
loney et al., 1992; Black et al., 1994), samples were col-in Neel et al., 1994). Tribes found to have endemic HTLV-
lected mainly in the 1960s and early 1970s, at a timeII include the Seminoles of Florida, the Navajo and
when these Indians had limited contact with the outsidePueblo tribes of the southwestern United States, the
world. Thus, it is likely that these subjects had few (if any)Maya of the Yucatan Peninsula, the Guaymi of Panama,
interactions, such as sexual relationships or receivingthe Wayu of Columbia, the Puma of Venezuela, the Ge-
intravenous blood, that could have introduced HTLV intospeaking peoples (Kraho and Kayapo) of central Brazil,
their population. Noteworthy, over 50% of older personsand the Toba of Argentina. Ishak et al. (1995) recently
in some isolated groups were found to be infected,described additional Brazilian tribes endemically in-
whereas none of the members of other tribes had HTLV-fected with HTLV-II, and no doubt other Amerindian
II infection (Maloney et al., 1992; Black et al., 1994). Wegroups will be found to have endemic HTLV-II infections.
interpreted this variation to be the result of founder ef-The observation that many tribes known to harbor
fects, in which a small number of individuals who estab-HTLV-II have had no direct contact with each other for
lished new tribal groups in the past may not have had
HTLV infection (Maloney et al., 1992).1 To whom correspondence and reprint requests should be ad-

Recent phylogenetic studies of HTLV-II sequences re-dressed at 6130 Executive Boulevard, EPN 434, Rockville, Maryland
20852. Fax: (301) 402-0817. port that there are two distinct subtypes, designated IIa
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and IIb, which infect IVDUs and Amerindians (Hall et al., married with Paleoindian tribes in the same area, loosely
called the Pueblo tribes because of their dwellings (fur-1993; Switzer et al., 1995a). With the exception of viruses

from a few Navajo/Pueblo subjects (Switzer et al., 1995a), ther attributions of tribal affiliation are not available). Both
Navajo and Pueblo blood samples were collected in 1990most Amerindian HTLV-II strains thus far have been

found to cluster within subtype IIb. Here we report se- (Hjelle et al., 1993). The Seminoles are the remnants of
southeastern Amerindians who settled in the Evergladesquence data showing that three different Brazilian Amer-

indian tribes are infected with HTLV-II belonging to a of Florida during the early 1800s to avoid persecution
from early settlers. They have extensively intermarrieddistinct subgroup within IIa. We also describe the phylo-

genetic relationships of HTLV-II strains infecting several with African-Americans living in the Everglades. Samples
were collected in 1989–91 (Levine et al., 1993).widely separated Amerindian groups in Brazil, Panama,

Florida, and the southwestern United States and discuss
Polymerase chain reactionparadoxes relating to their epidemiology and molecular

evolution.
High molecular weight DNA was extracted as de-

scribed (Maloney et al., 1992) from uncultured peripheral
MATERIALS AND METHODS

blood mononuclear cells (PBMC) of seropositive Semi-
nole, Guaymi, Pueblo, and Navajo subjects, unculturedAmerindian populations
leukocyte/erythrocyte pellets of seropositive Brazilian

Blood samples were collected during field studies on
Amerindians, and cultured HTLV-II isolates derived from

Amerindian groups between 1966 and the present. De-
IVDUs originating from New Orleans, Miami, and New-

tails are given in Table 1. Samples from the Seminoles
ark. Primer pairs were designed according to the pub-

and southwestern Indians have been widely circulated
lished sequence of HTLV-II/MO (Shimotohno et al., 1985)

and have been tested in several laboratories. For exam-
(see Table 2). PCR amplifications were carried out in 100

ple, SC, AG, and DSA have been studied here as well
ml, containing 0.5–1 mg of genomic DNA, 10 mM Tris–

as by Ishak et al. (1995), although analyses were done
HCl (pH 8.3), 50 mM KCl, 20 pmol of each primer, 20

on different genomic regions. For their identification, we
mM of each of the four deoxynucleoside triphosphates

include subjects’ initials.
(dNTPs), 1.5 mM MgCl2 , 0.01% (wt/vol) gelatin, and 2.5

The recent histories of the groups studied may be
U of Taq polymerase. Samples were subjected to 30

instructive about tribal interactions. In South America,
amplification cycles.

the original sample collections were undertaken be-
As outlined in Fig. 1, different amplification strategies

tween 1966 and 1987 to describe genetic features of
were pursued. Uncultured patient PBMCs were sub-

Amerindian groups (Maloney et al., 1992; Black et al.,
jected to nested PCR analysis using primer pairs de-

1994). Tribes were selected on the basis of their remote-
signed to amplify the region between env gene and the

ness. The Kraho and Kayapo tribes of Tocantins and
second exons of tax/rex (780 bp) either in one or two

southern Para states in central Brazil speak two different
overlapping fragments (Fig. 1). Cultured HTLV-II was am-

Ge languages. One Brazilian subject was a Carib-speak-
plified in a single round of PCR. Amplification products

ing Kaxuyana. This tiny tribe illustrates the flow of tribal
were visualized by agarose gel electrophoresis, isolated

relationships. Thirty years ago, the tribe consisted of only
from a preparative gel, purified with GeneClean (Bio 101

43 persons. In 1970, they relocated from just north of the
Inc., La Jolla, CA), and subcloned into M13 or pCR cloning

Amazon to near the Surinam border, intermarried, and
vectors (Invitrogen, San Diego, CA) by T/A overhang. For

subsequently expanded in number. While different tribes
control, we also amplified HTLV-II/MO from the C3-44

must have had a common origin long ago, the distance
cell line.

between them is now extensive: the Kayapo are over
1000 kilometers from the Kraho, and the Kaxuyana are DNA sequence analysis
now over 700 kilometers from the Kayapo and 1,400 kilo-
meters from the Kraho. Recombinant clones containing HTLV-II fragments

were sequenced manually by the dideoxynucleotideThe Guaymi of Panama were sampled in 1974 from
isolated villages on the north coast of Panama (Maloney chain termination method (Sequenase Kit; U.S. Biochemi-

cals, Cleveland, OH). Generally, one clone per amplifica-et al., 1992), which differs from other recently studied
Guaymi, who had resettled from traditional villages to tion product was sequenced, but from samples FF0754,

AP3207, AP3208, AP3210, FF2085, F0767, and FF0964,banana plantations within the last generation (Lairmore
et al., 1990) and were thus less isolated. The Navajo two sequences were obtained (see Table 1). The PCR

product of C3-44 was sequenced directly without priorof New Mexico are linguistically Athapaskan (Na-dene)
Indians and are thought to constitute one of the southern- cloning. Sequence analyses were performed using the

programs EuGene (Baylor College of Medicine, Houston,most descendants of a later wave of migration (about
8000 years ago) across the Bering Strait. They have inter- TX), MASE (Faulkner and Jurka, 1988), and DOTS (Kusumi
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C3-44 sequence. Nucleotide sequence divergence was
assessed by pairwise sequence comparisons and
ranged between 0.1 and 6.1%. Translation of each se-
quence indicated that the majority of HTLV-II strains con-
tained intact (partial) env, X-V/rof, and (partial) tax/rex
open reading frames. Moreover, splice acceptor sites
for the second exons of X-V/rof and tax/rex were highly
conserved in all sequences. Only two clones contained
in-frame stop codons, one at the carboxy terminus of the
env gene (AP3207c13) and the other within the rof gene
(LS0567). Finally, the only length differences were two
single base pair deletions in noncoding regions. Taken
together, this degree of sequence conservation among
geographically diverse viruses further suggests an im-
portant role of the X-V/rof region (and its gene products)

FIG. 1. Genomic location of HTLV-II sequences amplified from in- in the HTLV-II life cycle (Ciminale et al., 1992).
fected primary and cultured patient material. Fragment sizes include Phylogenetic analysis of the newly identified HTLV-II
primer sequences. Shaded fragments were cloned and sequenced. sequences together with previously determined proviral

sequences confirmed the presence of two major sub-
types of HTLV-II, termed IIa and IIb (Fig. 3). These sub-et al., 1992). Sequences have been submitted to Gen-
types were separated by a central branch which wasBank and accession numbers are listed in Table 1.
considerably longer than the branches within each sub-
type. Unless there have been dramatic changes in thePhylogenetic analysis
rate of evolution in the different lineages, we can assume

DNA sequences were aligned using CLUSTAL W
that the root of the HTLV-II tree lies on this central branch.

(Thompson et al., 1994). The complete alignment was
To determine its position, we selected the nearest avail-

unambiguous, requiring the insertion of only a small num-
able outgroup, which is HTLV-I. Unfortunately, the geno-

ber of gaps. Pairwise distances among sequences were
mic region examined in this study is not well conserved

estimated using the two-parameter method (Kimura,
between HTLV-I and HTLV-II. Therefore, we constructed

1980) to correct for superimposed substitutions. The phy-
a phylogenetic tree using gag and pol protein sequences

logeny was estimated by applying the neighbor-joining
which are each available for a representative of HTLV-II

method (Saitou and Nei, 1987) to the pairwise distance
subtype IIa (MO; Shimotohno et al., 1985) and IIb (NRA;

matrix. The reliability of clusters within the phylogeny
Lee et al., 1993) and which can be easily aligned with

was estimated using 1000 bootstrap analyses. These
the homologous sequences from HTLV-I.

methods were implemented using CLUSTAL W. Phyloge-
In both trees, we found that the branch from the com-

netic relationships were also analyzed using the maxi-
mon ancestor of the HTLV-II sequences to subtype IIa

mum parsimony method, implemented using the program
was longer than that to subtype IIb. The tree in Fig. 3

DNAPARS from the PHYLIP package (Felsenstein, 1992).
has thus been rooted at a point reflecting the average
of the results from the gag and pol analyses. The longer

RESULTS
branch from the root to subtype IIa suggests that, since
their divergence, subtype IIa viruses have been evolvingHTLV-II viral sequences were amplified from uncul-

tured peripheral blood of 16 seropositive Amerindians faster than viruses belonging to subtype IIb, although
this conclusion must remain tentative until a closer out-originating from North, Central, and South America as

well as from three cultured isolates derived from U.S. group can be used.
As noted previously, almost all HTLV-II strains derivedintravenous drug users. Using primer pairs and condi-

tions summarized in Table 2, all samples yielded amplifi- from North and Central Amerindians clustered within
HTLV-IIb (lower cluster in Fig. 3). Guaymi and Seminolecation products, although in six cases the region had to

be amplified as two separate fragments. In these in- HTLV-IIb formed individual subclusters supported by
high bootstrap values. By contrast, Pueblo and Navajostances, the two sequences were fused since there were

no sequence changes in the short overlap (data not viruses clustered together and with a virus isolated from
an American drug user (FC561). Also positioned in IIbshown).

Figure 2 depicts an alignment of the newly character- was HTLV-II/NRA, a virus identified in a Caucasian male
with an atypical hairy cell leukemia (Lee et al., 1993).ized HTLV-II sequences as well as two published se-

quences of HTLV-II/G12 (Pardi et al., 1993) and HTLV-II/ Viruses infecting the Brazilian Amerindians clustered
within HTLV-IIa (upper cluster), together with two IVDUNRA (Lee et al., 1993). HTLV-II/MO is represented by the

/ 6a10$$7713 01-16-96 12:12:39 viras AP-Virology



169HTLV-II IN AMERINDIAN GROUPS

TABLE 2

PCR Primer Pairs Used for Amplification of HTLV-II Subgenomic Fragments

Primer Fragment Genomic
pairs Designation Nucleotide sequence Locationa sizeb region

401 5*-CTCCTATTCTGGGAACAAGGGGGTTT-3* 6317–6342
Outer pair 1089 bp env/rof/tax

402 5*-GAGCCGATAACGCGTCCATCG-3* 7386–7406
403 5*-GGCTGGGGACTAAACTGGGATCCTGG-3* 6443–6468

Inner pair 829 bp env/rof/tax
404 5*-CCAAACACGTAGACGGGGGATCC-3* 7249–7271
405 5*-GAGGTTGACAAAGACATCTCCC-3* 6212–6233

Outer pair 638 pb env/rof
406 5*-CTTCAGGGTTATGTGGATTT-3* 6828–6847
407 5*-TATGCAGCCCAAAATAGACGAGG-3* 6287–6309

Inner pair 563 bp env/rof
406 5*-CTTCAGGGTTATGTGGATTT-3* 6828–6847
408 5*-TAACCCCCCGCTCACATTCCTCC-3* 6781–6302

Outer pari 511 bp rof/tax
409 5*-CAATCGGCCTGTACACAATC-3* 7273–7292
408 5*-TAACCCCCCGCTCACATTCCTCC-3* 6781–6302

Inner pair 511 bp rof/tax
409 5*-CAATCGGCCTGTACACAATC-3* 7273–7292

a Primer pairs were numbered according to the published sequence of HTLV-II/MO (Shimotohno et al., 1985).
b Reaction conditions were 1 min, 927; 1.5 min, 507; 1 min, 607; 30 cycles.

strains, a strain from a patient with hairy cell leukemia, formed their own distinct subcluster within subtype IIa,
and a single Navajo strain. The Brazilian viruses, how- indicating that they were not the source of HTLV-IIa in
ever, formed a distinct subcluster (supported by high North American drug users.
bootstrap values) and were separated from the other IIa The clustering of Amerindian-derived HTLV-II se-
viruses by a relatively long branch. Within that subcluster, quences within two distinct subtypes (IIa and IIb) was
viruses from three different Brazilian tribes (Kraho, Kay- also described in recent studies by Switzer et al.
apo, and Kaxuyana) were very closely related, and the (1995a) who used LTR sequences for subtype determi-
two viruses from one tribe (Kraho) were not significantly nation, and Ishak et al. (1995) who used env se-
more related to each other than to those from the two quences. In addition, these investigators reported that
other tribes (compare Fig. 2). This is of interest given the HTLV-II sequences from Kayapo Indians clustered dis-
considerable geographic distance between these tribes. tinct from HTLV-II strains found in the U.S. and Euro-

pean drug users. Although our results are in general
DISCUSSION agreement with these two studies, we interpret certain

aspects of the HTLV-II phylogeny differently. For exam-In this paper we present the first comprehensive phylo-
ple, the position of the root in our phylogeny (Fig. 3)genetic analyses of HTLV-II sequences derived from sev-
strongly contradicts the conclusions of Switzer et al.eral endemically infected Amerindian populations. Com-
(1995a), who placed the root deep within subtype IIb.paring viral sequences from 16 different individuals rep-
In their phylogenetic tree, the root separated a singleresenting North, Central, and South American Indians,
subtype IIb virus (strain JG) from all other subtype IIbincluding members of three different remote Amazonian
and subtype IIa sequences, such that these authorstribes, we found that Amerindian HTLV-II strains clus-
conclude that subtype IIa evolved from subtype IIb.tered within the same two sequence subtypes (desig-
This scenario seems most unlikely. In their study,nated IIa and IIb) previously identified for North American
Switzer et al. (1995a) specifically chose to examinedrug users (Hall et al., 1993; Switzer et al., 1995a; Seleni
LTR sequences because they are more variable thanet al., 1995).
other regions of the HTLV-II genome. They also usedAmong the Amerindians outside of Brazil, the subtype
HTLV-I as an outgroup to root their tree. However, thewas largely IIb, as has been reported in other studies
position of this root is likely to be unreliable because(Dube et al., 1993; Hjelle et al., 1993; Switzer et al., 1995b).
the LTR sequences of HTLV-I and HTLV-II are too diver-Other than in the Brazil Amerindians, the only IIa strains
gent to be suitable for this analysis. Furthermore, thewere found among Amerindians living in the southwest-
JG sequence (from an individual in New York) appearsern United States, among whom drug abuse exposure
to be identical to (i.e., has a zero branch length from)could not be excluded (Hjelle et al., 1993). However, as
the inferred sequence at the root of their tree. Since itwe first presented in 1993 (Biggar et al., 1993), the Amer-
is believed that the ancestral virus probably existedindians of the Amazon basin in Brazil had subtype IIa.

Furthermore, HTLV-IIa sequences from these Indians tens of thousands of years ago, it seems quite unlikely
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FIG. 2. Nucleotide sequence alignment of PCR-derived HTLV-II sequences. Nucleotide sequences are compared to a consensus sequence generated
by MASE (Faulkner and Jurka, 1988). Dashes denote sequence identity with the consensus sequence and dots represent gaps in the alignment. Deduced
amino acid sequences of env, X-V/rof, tax/rex (translated from the consensus sequence) are indicated. The splice acceptor sites for X-V/rof and tax/rex
are boxed. Also boxed are the in-frame stop codons in AP3207c13 and LS0567. Two single base pair deletions are circled.

/ 6a10$$7713 01-16-96 12:12:39 viras AP-Virology



171HTLV-II IN AMERINDIAN GROUPS

FIG. 2—Continued

that an individual from New York could have acquired us to speculate that migration to the New World origi-
nated from this population (a pattern also supported bysuch a ‘‘fossil’’ virus.

Finally, Ishak et al. (1995) reported that the HTLV-II genetic data (Neel et al., 1994)). According to Hall et al.
(1994b), the subtype in Mongolia is IIa, leaving the originstrains infecting Kayapo Indians belong to a distinct phy-

logenetic group and proposed to call this lineage HTLV- of Amerindian IIb still open to question. In addition to its
presence in IVDUs, endemic IIb has also been reportedIIc. Although we agree that HTLV-II strains infecting Bra-

zilian Amerindians form a distinct phylogenetic lineage, to infect African Pygmies (Gessain et al., 1995), but, once
again, Pygmies are an unlikely source for infecting eitherwe feel that the designation HTLV-IIc is inappropriate

because it implies equidistance to HTLV-IIa and IIb. In- IVDUs or Amerindian indigenous groups. A virus related
to HTLV-II has recently been identified in bonobosstead, our analysis of viruses from three different Amazo-

nian Indian tribes indicates that these viruses form a (pygmy chimpanzees) (Vandamme et al., 1995), and there
is evidence for cross-species transmission of HTLV-Isubcluster within subtype IIa.

The phylogenetic relationships of the different HTLV- from nonhuman primates to humans (Koralnik et al.,
1994). Thus, there may be additional HTLV-II types inII strains in Fig. 3 also raise questions concerning the

origin of HTLV-II and its introduction into New World humans that have not yet been identified.
The worldwide distribution of the two HTLV-II subtypesIndian populations. As we have pointed out (Neel et al.,

1994), the widespread distribution of endemically in- in remote and unrelated populations suggests genetic
stability of HTLV-II for many millennia, possibly ever sincefected Amerindians suggests that the original migrants

to the New World more than 15,000 years ago brought man emerged from Africa some 100,000 years ago. De-
spite this antiquity, there is relatively little strain variationHTLV-II with them. However, the occurrence of both IIa

and IIb suggests that the migrating populations brought even in different populations with no contact over very
long periods of time. This lack of variation is in markedat least two subtypes of HTLV-II into the New World. We

were unable to find HTLV-II (or HTLV-I) in indigenous contrast to the variations seen in HIV-1 and HIV-2 (Sharp
et al., 1994), pathogens only recently epidemic in hu-populations of eastern Siberia (Neel et al., 1994), and

Batsuuri et al. (1993) were similarly unable to find evi- mans. Adverse health effects associated with HTLV-II
infection have not yet been well documented, but if theydence of HTLV-I in Mongolia. However, Hall et al. (1994b)

recently reported finding HTLV-II in Mongolia, allowing exist and are found to be restricted to some subpopula-
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